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I.  INTRODUCTION 

A.  Aim  and  Scope  of  the  Investigation 

The  present  investigation  was  undertaken  with  the  object  of  determin- 
ing the  products  to  be  obtained  from  a Hofmann  reaction  as  applied  to  the 
amides  of  acrylic  and  methacrylic  acids  using  a methanolic  and  butanolic 
reaction  media.  It  was  expected  that  the  Hofmann  reaction  would  follow  its 


isolated: 


ordinary  course  and  that  therefore  the  following  new  compounds  could  be 

O , O 

H H //  H M ft 

C - c -A/-c-  OcHz  } cH  - C - hf-c-oCy  //, 

o t!  ,0 

- OC  H c /Vj.  - C-rS  C -OCfH,' 


C|  ^3  H 
c - V-  C 


/ 

c/6 


It  was  discovered  later,  however,  that  one  of  the  needed  intermediates, 
acrylamide,  could  not  be  obtained  in  an  easy  or  convenient  manner  and 
consequently  the  scope  of  this  problem  was  narrowed  to  the  preparation 
of  the  last  two  compounds  mentioned  above. 
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B. 


Historical  Review 


The  Hofmann  reaction  has  been  studied  quite  extensively  by  many  inves- 
tigators. It  has  been  tried  on  all  types  of  amides  using  both  aqueous  and 
alcoholic  media.  The  original  synthesis  discovered  by  Hofmann  (1)  consist- 
ed of  the  following  steps:  „o 

/f5-  c _ /V  /-/j  y-  O ^ OM 


o m 


+ 3 r-~  r /V  O 

/^_  C — 'Y-  & <T  e c>A’  ^ C //-  J + /^O 

^,8*  J — * fw=c-o  + 6r' 

03/'/  ifVrCc  c5  — * //?  -y  * CO^J  Z—+  ^Co\ 

The  procedure  used  was  very  simple;  the  amide  was  dissolved  in  a very 
slight  excess  of  cold  aqueous  hypohalite  solution,  and  rapidly  warmed. 

If  the  amine  happened  to  be  volatile,  the  reaction  mixture  was  steam  dis- 
tilled. 

When  this  procedure  was  apolied  to  high  molecular  weight  amides  it 
failed;  instead  of  the  expected  amines,  alkyl  acyl  ureas  were  obtained. 

This  was  explained  by  the  fact  that  there  was  a competing  reaction  proceed- 
ing at  a faster  rate;  the  reaction  between  the  isocyanate  and  the  haloamide 
salt  was  faster  than  the  one  between  the  isocyanate  and  water  or  alkali. 


T 


he  following  equations  can  be  written  for  this  important  side  reaction: 


/A1  - c* _ */--< 


~7  _ \ ^ X ® T 

J f /?-A/=C  = 0 —*tU<*/c'-sS  c'_kJ 


— > /<  <Y//  c O A/yTCcJ  /f  0* 
Jeffreys  (6)  modified  the  Hofmann  reaction  thereby  solving  this  prob- 


lem. With  his  modification,  however,  the  amines  were  not  obtained  directly 
instead,  urethanes  were  formed  as  intermediates.  These  latter  compounds 
could  be  hydrolyzed  with  sodium  hydroxide  to  yield  the  corresponding  amines 
Up  to  the  point  of  the  hydrolysis  of  the  isocyanate  the  reaction  goes 
through  the  same  reaction  3teps  as  the  origintl  Hofmann  synthesis.  But, 
Jeffreys  instead  of  using  aqueous  hypohalite  used  an  all  alcohol  reaction 
medium,  and  when  the  isocyanate  was  produced  it  was  converted  to  the 
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urethane  by  the  alcohol  present.  The  following  equation  may  be  written  for 


this  process: 


/V  zr  C ~ O 


r/  <£'-  O/?  * 


In  order  to  be  able  to  use  an  all  alcohol  medium,  Jeffreys  had  to  use  free 

* 

halogen  and  sodium  methoxide  as  the  base.  In  this  way  he  degraded  many 
amides  that  would  not  undergo  the  rearrangement  under  the  original  set  of 
conditions. 

Weerman  (11,  12)  and  Willstatter  (13)  studied  the  behavior  of  certain 
c^-^un saturated  amides  towards  the  Hofmann  reagents.  They  studied  un- 
saturated amides  having  an  aromatic  nucleus  such  as  cinnamic  amide.  Weermaj 
(11)  modified  Jeffreys’  procedure  somewhat  because  he  did  not  use  free 
halogen  but  a specially  prepared  solution  of  sodium  hypochlorite.  He  used 
alcohol  as  the  solvent  too.  The  sodium  hypochlorite  solution  used  was  .8M 
in  sodium  hydroxide  and  .8M  in  sodium  hypochlorite.  The  procedure  generally 
used  by  these  two  investigators  was  to  dissolve  the  amide  in  alcohol  (meth- 
anol), cool  the  solution  to  0°C  and  then  add  the  cold  sodium  hypochlorite 
with  stirring.  During  the  addition  the  temperature  was  kept  between  0°-25°C 
in  most  cases.  After  the  addition  of  the  hypochlorite  was  complete,  the 
reaction  mixture  was  allowed  to  go  up  to  room  temperature  and  in  some  cases 
it  was  warmed  gently  in  a steam  bath.  The  urethan  thus  formed  was  found  to 
crystallize  out  of  the  reaction  mixture  in  most  cases  and  then  was  purified 
by  the  usual  methods  of  washing  and  recrystallization  from  an  appropriate 
solvent. 

During  the  course  of  his  study  Weerman  (11)  found  out  that  if  finely 
divided  solid  cinnamic  amide  wa s added  to  the  aqueous  alkaline  sodium  hypo- 
chlorite  (no  alcohol)  benzaldehyde  was  immediately  formed  and  part  of  the 
amide  turned  reduish  brown.  However  when  the  amide  was  dissolved  in  alcoho 
first  and  then  the  sodium  hypochlorite  was  added,  the  urethan  was  isolated. 
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He  believed  that  this  was  caused  by  the  fact  that  the  amide  dissolves  much 
too  slowly  in  the  sodium  hypochlorite  solution  so  that  part  of  it  is  oxid- 
ized at  the  double  bond  and  part  remains  unchanged.  Another  possible  explanat 
explanation  to  this  result  is  that  the  oxidation  reduction  potential  of  the 
system  may  change  when  there  is  a change  in  either  the  concentration  of  the 
amide  or  in  the  nature  of  the  medium. 

Rinkes  (7)  studied  some  o<.y3unsaturated  amides  having  no  aromatic 
nucleus.  He  used  Weerman' s method  , i.e.,  the  alkaline  sodium  hypochlorite 
solution  and  the  amide  dissolved  in  alcohol.  The  alcohol  used  by  all  these 
investigators  was  methanol  although  Jeffreys*  (6)  and  Hofmann  (4,  6)  used 
ethanol  as  well.  The  urethanes  prepared  by  Rinkes  (7)  stayed  in  solution 
and  he  had  to  extract  with  either  ether  or  benzene.  The  extracting  solvent 
was  then  distilled  off  in  a vacuum  and  the  remaining  solid  purified. 
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C.  General  Discussion 


We  had,  then,  as  can  be  seen  from  the  foregoing,  two  alternative  meth- 
ods to  be  applied  during  the  course  of  this  study.  The  Jeffreys  modifi- 
cation was  convenient  in  thdt  it  provided  an  all  alcohol  medium  and  there- 
fore if  the  reaction  product  were  soluble  in  water  there  would  be  no  compli- 
cations due  to  this  solvent.  It  had  the  disadvantage  of  the  addition  of 
the  free  halogen  which  might  add  across  the  double  bond.  On  the  other  hand, 
the  procedure  used  by  Weerman  (11)  avoids  this  difficulty,  but  water  is 
^resent  and  so  is  sodium  hydroxide  and  separation  of  the  reaction  product 
is  rendered  more  dificult.  However,  as  this  was  the  method  used  in  the 
^reparation  of  urethanes  derived  from  d-fi>  unsaturated  amides  it  was  the  first 
one  to  be  tried.  It  was  tried  on  methacrylamide  and  methanol  using  the 
sodium  hypobromite  solution.  Instead  of  using  hypochlorite,  hypobromite  was 
used  because  of  the  easier  dispensation  of  the  bromine.  The  compound 
resulting  from  this  reaction  happened  to  be  somewhat  soluble  in  water  and 
thus  extraction  with  ether  did  not  effect  a complete  separation.  Then 
the  Jeffreys  modification  of  the  Hofmann  reaction  was  tried.  It  was  car- 
ried out  at  a low  temperature  to  avoid  the  bromination  at  the  double  bond. 
The  same  compound  was  obtained  by  this  method  as  by  the  Weerman  and  then 
We  felt  justified  in  adopting  the  method  for  this  investigation,  even 
though  it  was  originally  used  for  high  molecular  weight  saturated  amides. 

When  methacrylamide  was  reacted  with  bromine  in  the  presence  of  alco- 
hol (methanol)  and  sodium  methoxide,  a lachrymator  was  obtained  which  gave 
very  readily  positive  tests  for  unsaturation  (Baeyer’s  test  and  Bromine  in 
carbon  tetrachloride  solution).  This  compound  gave  a positive  test  for 
Dromine(alcoholic  silver  nitrate  at  room  tempera tube  instantaneously).  It 
was  possible  to  get  a micro  boiling  point  of  the  compound  at  atmospheric 
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pressure  but  when  it  was  heated  directly,  it  turned  dark  red  first  and 
then  it  charredand  gave  signs  of  decomposition  (fumes  were  observed).  It 
is  soluble  in  ether,  in  methanol  and  ethanol. 

The  reaction  between  methacrylamide  and  bromine  in  the  presence  of 
an  excess  of  butyl  alcohol  and  sodium  butoxide  resulted  in  the  formation 
of  an  unsaturated  compound  insoluble  in  water  but  soluble  in  ether  and 
ethanol.  This  compound  is  also  a liquid  . 
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II.  EXPERIMENTAL 


A.  Preparation  of  Methacrylamide  (2) 

One  hundred  and  seventy  grams  of  acetone  cyanohydrin  (©(.hydroxy  propio- 

nitrile)  purified  by  distillation  in  a vacuum  (2  mm)  were  added  to  200  g 

of  98%  sulfuric  acid  at  such  a rate  that  the  temperature  was  kept  at  95-98°C* 

During  the  addition  the  solution  was  stirred  with  an  air  driven  stirrer. 

Two  grams  of  sulfur  had  been  added  previously  to  act  as  an  antipolymerizing 

agent.  The  temperature  of  the  bath  was  about  130°C.  The  resulting  red, 

o 

viscous  syrup  was  heated  at  130-140  C for  one  hour.  During  the  heating 

[large  amount  of  gas  was  evolved.  The  mixture  was  cooled  to  room  temper- 
ture  and  dissolved  in  1000  grams  of  water  and  filtered.  The  sulfur  and 
any  polymers  formed  were  left  on  the  filter  paper.  , The  filtrate  was  treat- 
ed with  250  g of  powdered  calcium  carbonate  and  filtered  again.  This 
liquid  was  evaporated  to  dryness  under  reduced  pressure,  about  30  mm, 
but  only  a negligible  amount  of  solid  remained  in  the  Claisen  flask  used 
in  the  distillation. 


This  same  experiment  was  tried  for  a second  time,  and  10  grams  of  a 
crude  product  were  isolated.  Upon  recrystallization  from  benzene  however, 
only  five  grams  of  a solid  melting  at  106.5-107°C  (2)  were  obtained.  The 
method  was  abandoned  because  of  the  very  low  yield. 
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2.  Method  2 (From  methyl  methacrylate  and  ammonia) 

Fifty  grams  (.5  mole)  of  methyl  methacrylate  (monomer)  were  treat*- 

sd  with  seventy  two  grams  of  concentrated  ammonia  (80  ml)  and  the  mixture 
was  allowed  to  stand  for  six  days  with  occasional  shaking.  Then  it  was 
evaporated  to  dryness  under  a reduced  pressure  of  10  mm.  The  distilling 
lask  had  to  be  wanned  slightly  with  a water  bath.  A white  solid  remained 
in  the  flask  which  after  one  recrystallization  from  benzene  melted  at 
106°C.  Forty  two  grams  of  methacrylamide  were  collected  which  was  49 % 
of  the  theoretical  yield. 

3.  Method  3 (From  Acetone  cyanohydrin  and  100%  sulfuric  acid) 


Forty  two  and  a half  grams  of  pure  distilled  acetone  cyanohydrin 
were  added  slowly  to  98  g of  100%  sulfuric  acid  in  a three  necked  flask 
equipped  with  a separatory  funnel,  an  electrically  driven  stirrer  and  a 
thermometer.  The  distillation  of  the  acetone  cyanohydrin  was  carried  out 
at  a pressure  of  2ram  and  it  must  be  done  with  great  care  and  in  the  pres- 
ence of  an  abundant  supply  of  air  because  it  decomposes  quite  readily  into 
acetone  and  hydrogen  cyanide.  The  mixture  well  stirred  and  kept  at  a 
temperature  of  approximately  70°C  during  the  addition  of  the  cyanohydrin. 
The  temperature  at  this  point-  during  the  addition  of  the  cyanohydrin-  is 
rather  critical,  as  we  found  out.  This  experiment  was  performed  many  times 
and  we  obtained  yields  as  low  as  50%  and  as  high  as  80%  depending  upon  the 
closeness  to  the  70°C  specified  in  the  patent  (3).  One  hundred  and  forty 
grams  of  ammonium  sulfate  (C.P.)  and  .5g  of  powrdered  copper  were  added 
with  stirring.  The  pressure  was  reduced  to  3mm  and  the temperature  raised 
to  130°C.  Methacrylamide  distilled  rapidly  from  the  reaction  mixture 
and  was  collected  in  an  air  cooled  condenser.  Twenty  two  grams  of  meth- 
acrylamide, a white  flaky  solid  melting  at  109' C were  collected  . This 


... 

. .•  ©;t  ■ 0!  ' ■'  ' 'r 

x if  b)--  Ih  ■ ) 'in  r 1 rs  co  1c  e.i  \ o y,-'»  - •'  ■ 

. ■ l i 2m  % »b  xie  -id  Bflwitfa  J 

'■  J fi'1  1 • 1 .i:.-'  1 : •<  ^ ‘ “X  -'  •>!  U!  c.i  L*.  t : • 

« ' • ■ ■ ' • . I .r  ; '•  i - 1 ■ ;■  ■ .f  >. 

' 1‘-  1 ■ : i 

t -w  dobi-  b*to*l  ’ >o  ■ t a . f:  i /v  • rf.i  1c  ••  i.  \ I-tcc  ,Oc;  f. 

! ' J ;■  ■■.<'-  . f •• 

*ij  ; - »nc:;r»Oi  - ; 

•|';i  - i’i’ib  4 1 1 1 : . nr'  _ -,41 

i 

» 


• -..tflxO'-!  si,  . an  t in  * .+  , .r; 

. 

f Ji  c. : hr  gWo.  ■ bi.i. 

1 • . , . 

. 

. , 

* " £1  Srfxtfv?  ,3  l9biiaa,[Vto*: 


-9 


represented  b'6%  of  the  theoretical  yield. 

The  reactions  involved  in  this  preparation  are  the  following: 
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B.  Solubility  of  Methacrylamide 

The  methacrylamide  obtained  from  the  method  last  described  in  the 
preceding  section  was  recrystallized  from  benzene  and  dried  in  a vacuum 
dessicator  containing  magnesium  perchlorate  for  twenty  four  hours.  The 
following  solubility  tests  were  then  performed: 

1.  Water  - very  soluble 

2.  9o%  Ethyl  Alcohol-  soluble 

3.  Absolute  methyl  alcohol-  slightly  soluble 

4.  Benzene  - insoluble  in  cold  benzene;  soluble  in  ho£  benzene 
b*  Ether  - insoluble 

6.  Acetone  - very  soluble. 

7.  Butyl  Alcohol  (n-)  - slightly  soluble. 
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C.  Preparation  of  acrylamide 

1.  Method  1 (From  methyl  acrylate  and  ammonia) 

Forty  three  grams  of  methyl  acrylate  were  mixed  with  85  g (95  ml) 
of  concentrated  ammonia  and  the  mixture  was  allowed  to  stand  for  five  days, 
thile  the  ammonia  was  being  added  to  the  acrylate  two  layers  could  be  obser 
ved  but  after  the  addition  was  complete  a dark  red  color  developed  and 
there  was  a large  evolution  of  heat  and  the  formation  of  a homogeneous 
solution.  During  the  standing  period,  the  mixture  was  shaken  from  time  to 
time  but  no  further  evidence  of  a reaction  was  noted.  After  five  days, 
the  red  solution  was  distilled  under  a pressure  of  10mm.  After  a while, 
a solid  could  be  seen  in  the  distilling  flask  and  the  distillation  was 
stopped  and  the  solution  filtered.  The  solid  was  brown  but  on  recrystal- 
lization from  absolute  alcohol,  a white  crystalline  solid  melting  at 
,77-8°C  was  obtained.  It  was  found  to  be  insoluble  in  cold  water  and  cold 
alcohol  and  hot  or  cold  benzene,  but  soluble  in  hot  water  and  hot  alcohol. 

Distillation  of  the  filtrate  was  resumed  under  reduced  pressure  , ammonia 

( 

and  water  coming  over  and  a heavy,  dark  brown  syrup  remaining  in  the  flask. 
!’his  residue  was  treated  with  hot  benzene  to  see  if  it  contained  any  acryl- 
amide but  none  was  obtained. 

We  had  prepared  methacrylamide,  however  using  the  methyl  methacrylate, 
’he  failure  of  the  method  in  this  case  may  be  explained  by  the  fact  that 
addition  of  the  ammonia  to  the  unsaturated  bond  is  not  hindered  as  in  the 
case  of  the  methacrylamide.  Then,  instead  of  reacting  with  the  ester  group 
reaction  takes  place  at  the  double  bond  with  the  ammonia.  In  the  case  of 
the  methacrylamide,  the  methyl  group  inhibits  this  reaction  and  ammonolysis 
takes  place  » 


1.  cf.  page  8 
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2.  Method  2 (From  hydroxy  propionitrile  and  sulfuric  acid)  (3) 


a-  Trial  1 


Seventy  one  grams  of  ethylene  cyanohydrin  (/3hydroxy  propionitrile) 
were  added  to  196  g of  100%  sulfuric  acid  with  good  stirring  and  at  such 
a rate  that  the  temperature  was  kept  at  75-80°C  throughout  the  addition. 
Then,  294  g of  ammonium  sulfate  were  added  with  stirring  too  and  the  temper 
ature  was  raised  to  100°C.  The  pressure  was  reduce  to  3 mm  and  heating 
continued,  when  the  temperature  in  the  reaction  mixture  was  130°C  it 
started  to  foam!  and  this  continued  so  badly  that  the  reaction  mass  came 
over  in  the  air  cooled  condenser  attached  to  the  three  necked  flask  from 
which  the  distillation  was  taking  place.  The  apparatus  was  cleaned  and 
heating  resumed.  However  only  polymers  were  obtained  and  no  acrylamide 
was  collected  in  the  air  condenser;  the  polymers  remaining  in  the  reaction 
flask  were  brittle  and  threadlike, 
b-  Trial  2 

One  fourth  of  the  original  amounts  of  the  reactants  were  made  to 
react  in  a one  liter  three  necked  flask  using  as  connection  to  the  conden- 
ser a short  column  (fractionating).  It  was  heated  as  before  and  when  the 
o 

temprature  was  150  C the  evolution  of  gas  started  again.  About  4 g of 
acrylamide  could  be  collected  in  the  condenser. 


c-  Trial  3 

One  fourth  of  the  original  amounts  were  mixed  together  and  .5  g 
of  powdered  copper  was  added  to  evoid  excessive  foaming  and  to  act  as  an 
antipolymerizing  agent.  Twelve  grams  of  acrylamide,  a white  flaky  solid 
melting  at  85°C  (3)  were  collected;  this  being  20%  of  the  theoretical, 
d-  Trial  4 

The  experiment  was  carried  as  above  except  that  1 g of  copper  was 


added  this  time.  Twelve  grams  were  again  collected. 
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D.  Preparation  of  the  100%  Sulfuric  Acid 

It  was  prepared  from  20%  fuming  sulfuric  acid  and  concentrated 

sulfuric  acid  (96%).  The  specific  gravity  as  measured  with  a hydrometer 

o,  o 

of  the  fuming  sulfuric  acid  was  67.30  Be  at  27  C.  The  specific  gravity 
of  the  concentrated  sulfuric  acid  measured  by  the  same  instrument  was 
6o.6o^Be  at  the  same  temperature.  The  specific  gravity  of  the  100% 
sulfuric  acid  was  found  to  be  65.40°Be.  Calculations  led  to  the  following 
amounts  of  acid  to  be  used: 

For  every  53.69  ml  of  concentrated  (96%)  acid  used,  46.31  ml  of 
fuming  sulfuric  acid  (20%)  should  be  added  to  yield  100  ml  of  100% 
sulfuric  acid. 
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,E.  Preparation  ofo<  -methylene  bromide,  vinyl  methyl  carbamate,  [c^-c-r^c-o 
1.  Preparation  of  the  alkaline  Sodium  Hypobromite  solution 

Nineteen  and  a half  grams  (.5  moles)  of  sodium  hydroxide  (95%) 
kere  dissolved  in  30  ml  of  water,  120  g of  crushed  ice  were  added  and  24.8 
grams  of  bromine  (7.95,ml)  were  added.  This  solution  was  diluted  to  200ml 
in  a volumetric  flask.  The  solution  has  to  be  prepared  when  needed  for 
it  cannot  be  stored  as  bromine  solutions  lose  some  of  their  activity  on 
standing,  even  in  the  darkness.  This  solution  is  .8M  both  in  sodium 
hydroxide  and  sodium  hypobromite, 

2-  Preparation  of  the  bromo-urethan. 

Eight  and  a half  grams  of  methacrylamide  (l/lG  mole)  were  placed 
in  a flask  and  one  hundred  and  forty  milliliters  of  methanol  were  then 
added.  Not  all  of  the  amide  went  into  solution  immediately  and  a fine 
sowder  was  seen  suspended  in  the  liquid.  This  solution  was  cooled  to  0°C 
and  130  ml  of  the  sodium  hypobromite  solution  at  0°C  were  added  dropwise 
with  stirring.  The  temperature  was  kept  at  0-15°C  during  the  addition 
Dut  after  the  hypobromite  had  been  added,  the  mixture  was  allowed  to  go 
up  to  room  temperature  and  warmed  in  a water  bath.  The  color  of  the 
liquid  in  the  flask  grew  deeper.  The  reaction  mixture  was  tested  with 
starch  iodide  paper  but  the  test  was  negative.  A sweet  ester-like  odor 
was  noted  immediately. 

The  attempts  to  separate  the  reaction  products  are  shown  schematically 
n the  following  page.  Table  1.  as  shown,  nothing  new  could  be  extracted 
rom  this  reaction.  The  darkness  of  the  residue  obtained  from  the  distil- 
lation of  the  alcohol  layer  is  probably  due  to  absorbed  particles  of  the 
compound  formed.  When  this  dark  solid  was  dissolved  in  water  everything 
fcent  into  solution  but  the  solution  was  colored,  which  was  evidence  that 
ot  all  of  the  solid  was  potassium  carbonate. 
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TABLE  1 


3£J 


Reaction  mixture 


aqueous  layer 
distilled 


alcohol  layer 
distilled 


I 


water  K^CO? 

(distillate)  (residue) 


. 


_ = 1 fi 

b*  Second  trial 

The  experiment  was  performed  for  a second  time  just  as  before  but 
without  any  warming  after  the  addition  of  the  hypobromite.  It  was  allowed 
to  stand  at  room  temperature  for  one  hour  instead.  Shown  below  are  the 
operations  performed  in  order  to  obtain  the  desired  product. 


TABLE  2 


Reaction  Mixture 


cooled. 


sa turated 
with  K2CO3 


aqueous  layer 


alcohol  layer 
cooled,  neutralized  to 
methyl  red  with'dil.  BgSO^ 
steam  distilled 


distillate 

cooleq  saturated 
w'ith  K2CO3 

1 

alcohol  water 


resi 


due 


extracted  with 
ether 


red  residue 


ether  extraction 

l 

lachrymatory 

liquid 


Thea  amounts  of  the  lachrymatory  compound  and  the  red  residue, 
however  were  much  too  small  to  be  of  any  practical  value.  The  red  residue 
was  obtained  by  heating  the  ethereal  extract  so  as  to  drive  off  the  ether. 
It  smelled  strongly  of  onions,  being  a little  lachrymatory.  It  is  probable 
that  it  is  the  same  lachrymator  that  was  obtained  from  the  extraction  with 
ether  of  the  reaction  mixture.  It  might  have  decomposed  or  polymerized. 
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e#  Third  trial 

Three  and  thirty  one  hundredths  (3.31)  grains  were  dissolved  in  100 
ml  of  methanol  and  cooled  to  0°C.  Fifty  two  ml  of  sodium  hypobromite  were 
added  at  0°C.  The  temperature  was  allowed  to  go  as  far  as  20°C  during  the 
addition.  Immediately,  part  of  the  reaction  mixture  was  extracted  with 
ether  and  the/ther  allowed  to  evaporate  at  room  temperature.  With  the 
rest  of  the  solution,  the  following  operations  were  performed. 


TABLE  3 


Reaction  Mixture 


neutralized  with  dil  HpSO^ 
filtered 

filtrate 

cooled  [saturated 

I with  KgCOg 


alcohol*  layer 
ether  extraction 


i 


water  layer 


I 


water  layer 


ether  layer 
evaporated 
red  residue 


The  extraction  of  the  reaction  mixture  with  ether  yielded  a small  amount  of 
a slightly  colored  liquid  which  was  very  strongly  lachrymatory . 
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The  yields  obtained  from  these  experiments  were  not  satisfactory.  It 
.s  true  that  small  amounts  were  used  but  it  is  no  less  true  that  the  prod- 
uct seemed  to  be  soluble  in  almost  every  solvent  used.  It  was  soluble  in 
alcohol,  in  ether,  in  water.  The  ether  and  alcohol  layers  could  be  evapor- 
ated but  that  had  to  be  done  either  at  room  temperature,  or  slightly  above. 
Otherwise  the  compound  turned  red  and  was  no  longer  lachrymatory.  But  the 
water  layers  could  not  be  evaporated  because  there  was  sodium  hydroxide  and 
sodium  bromide  (from  the  reaction)  and  on  evaporation  further  separations 
would  be  very  difficult.  We  decided  that  an  all  alcohol  medium  was  highly 
desirable  and  to  that  effect  the  Jeffreys  (6)  modification  of  the  Hofmann 
reaction  was  adopted. 

3.  Preparation  of  sodium  methoxide 

Eleven  and  a half  grams  of  sodium  were  dissolved  in  300  ml  of 

methanol . 

4.  Preparation  of  the  bromo  urethan  (By  the  Jeffreys  Method) 

Twenty  one  grams  of  methacrylamide  were  dissolved  in  200ml  of 
methanol  and  cooled  tp  0°C.  A solution  of  11.5  g of  Na  in  300  ml  of  meth- 
anol previously  cooled  to  0°C  was  added  to  the  dissolved  amide.  Twelve 
and  eighty  two  hundredths  ml.  (40  grams)  of  bromine  were  added  dropwise 
and  the  temperature  was  kept  below  15°C.  After  the  addition  of  bromine 
was  finished,  the  temperature  went  up  to  room  temperature.  It  stood  at 
room  temperature  for  about  an  hour.  It  was  then  acidified  with  glacial 
acetid  acid.  Ether  was  added  and  a white  compound  precipitated.  More 
ether  was  added  until  no  more  sodium  bromide  precipitated.  Some  sodium 
acetate  was  precipitated  too.  The  solution  was  filtered  and  then  was 
distilled  under  reduced  nressuare,  about  10mm.  After  all  the  ether  and 
methanol  had  been  driven  off  a liquid  remained  behind.  This  liquid  gave 


a very  strong  Baeyer  test,  decolorized  bromine  and  gave  a positive  Beilstein 
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test.  It  also  gave  a positive  test  for  halogen  at  room  temperature  v.ith 
alcoholic  silver  nitrate.  About  20  g of  this  compound  were  obtained  which 
is  41 % of  the  theoretical.  It  was  thought  luter  that  the  bromine  might  be 
attached  to  the  nitrogen  atom  instead  of  to  the  carbon  atom.  To  see  if  thi 
vras  true  the  compound  was  tested  with  a saturated  solution  of  potasium  iodid 
If  it  were  a N-Br  linkage  a dark  color  should  develop  upon  the  addition  of 
the  iodide  and  a positive  test  with  the  starch  iodide  paper  should  be  obtai 
ed  . When  the  test  was  performed,  no  dark  color  developed  immediately  but 
the  solution  grew  darker  on  standing.  After  five  minutes,  the  solution 
wss  distinctly  red  and  there  was  a brown  test  vith  the  starch  iodide  p&per. 
Carbon  tetrachloride  we s added  and  the  tetrachloride  layer  remained  colorle 
after  shaking  thoroughly.  This  is  not  conclusive  enough  however,  because 
it  may  be  that  the  saturated  potassium  iodide  solution  is  a better  solvent 
for  the  liberated  iodine  than  the  carbor  tetrachloride  is. 

5.  Analysis  of  the  compound 

TABLE  IV 


n- 


ss 


strun 

%C 

%H 

°/oN 

32.10 

5.61 

7.01 

,nd 

1 run 

i 31.24 

5.07 

7.17 

rd 

i run 

35.45 

5.81 

7.30 

The  obtained  results  for  the  composition  of  the  compound  are  shown  in 
Table  IV.  If  these  are  comoared  with  the  calculated  results  given  in  Table 
V,  it  will  be  seen  that  beyond  doubt  the  compound  is  a bromo  compound 
although  the  exoerimental  values  show  the  compound  was  not  pure.  The  valuej 
obtained  for  C and  N are  all  high  results,  but  the  ones  obtained  for 
Hydrogen  are  lower  relatively  speaking.  Again,  mere  analysis  cannot  show 
whether  the  bromine  is  attached  to  the  nitrogen  or  to  the  barbon  atom.  The 
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calculated  values  for  both  these  compounds  are  shown  in  Table  V 


table  v 


t 

%C  ’ 

%H  • 

%N 

1 

Urethan  ' 

t 

52.17  ' 

J 

7.82 *  1 2 3 4 * 6 

12.17 

...  | 

Bromo  urethan' 

t 

i 

30.92  ' 

» 

t 

4.12  ' 

» 

7.21 

6.  Solubility  of  the  bromo  urethan 

The  following  solubility  tests  were  carried  out: 

1.  Water  - partially  soluble 

2.  Ether  - soluble 

3.  Dioxane  - soluble 

4.  Acetone  - soluble 

6.  95%  Ethyl  alcohol  - soluble 

6.  Absolute  methanol  - soluble 
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Benzene  - soluble 
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\ Preparation  of<^  - methylene  bromide,  vinyl  butyl  carbamate  y /'-ocy 

1.  Preparation  of  sodium  butoxide 


v-  *J 


Eleven  and  a half  grams  of  sodium  were  dissolved  in  250  ml  of 
normal  butyl  alcohol. 

2.  Preparation  of  the  bromo  urethan 

Twenty  one  grams  of  methacrylamide  were  dissolved  in  200  ml  of 
normal  butyl  alcohol  and  a solution  of  the  sodium  butoxide  was  added.  This 
mixture  was  cooled  to  0°C  while  being  stirred.  The  stirring  is  to  keep 
the  methacrylamide  in  solution  or  at  any  rate  in  as  close  contact  as  possib 
with  the  alcohol.  Methacrylamide  is  not  very  soluble  in  butyl  alcohol  and 
at  low  temperatures  the  solubility  decreases.  Bromine  was  added  dropwise 
but  rather  rapidly,  about  a drop  a second.  Twelve  and  eighty  two  hundredths 
ml  (40  g ) of  bromine  were  added.  Immediately  a white  solid  separated 
from  the  reaction  mixture  (NaBr)  . The  whole  reaction  mass  was  taken  to 
loom  temperature  and  acidified  with  acetic  acid  (glacial).  Ether  was 
added  until  no  more  of  the  white  solid  came  out  and  then  it  was  filtered. 

The  solution  stood  for  about  two  days  before  the  alcohol  was  distilled  off. 
The  color  of  the  solution  deepened  in  color  gradually.  The  alcohol  was 
pulled  off  under  a reduced  pressure  of  17-20  mm.  The  temperature  of  the 
vapors  was  about  35° C but  at  the  end  of  the  distillation  it  went  up  as  far 
as  45°C.  The  residue  remaining  in  the  flask  was  very  dark  and  it  was  taken 
up  in  ether  and  more  of  the  sodium  bromide  came  out.  It  was  filtered  off 
and  then  the  ether  evaporated  off  at  room  temperature.  The  dark  liquid 
which  was  finally  obtained  was  dissolved  in  rthyl  alcohol  and  treated  with 
decolorizing  carbon  with  intervening  filtrations  about  4 times.  Each  time 
the  solution  was  left  in  contact  with  the  carbon  for  20  minutes.  Finally 
the  alcohol  was  evaporated  off  slowly  at  room  temperature  and  an  amber 
liquid  remained.  This  liquid  is  heavier  than  water.  It  decomposes  at 
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110°C  at  atmospheric  pressure  and  it  also  decomposes  under  a reduced 
pressure  of  17  mm.  This  compound  gives  a positive  Baeyer  test  and  it 
decolorizes  bromine.  It  gives  an  instantaneous  precipitate  at  room  tempera 
ature  with  alcoholic  silver  nitrate.! 

3.  Analysis  of  the  bromo  urethan 


TABLE  VI 


% C » 

’ 

1 

Urethan  f 

61.15* 

9.55  * 

8.91 

■ i 

bromo  urethaft 

! 

i 

40.68* 

' t 

5.93  * 

1 

5.93 

Table  VI  shows  the  calculated  values  for  both  the  urethan  5 nd  the 
bromo  compound.  The  results  we  obtained  J' or  the  compound  we  made  check 
quite  well  for  the  calculated  values  for  the  bromo  urethan.  We  obtained 
the  following  results: 


TABLE  VII 


%C  ’ %H 

* ’ 

st 

i 

’ 1 

1 run* 

40.98  * 6.13 

’ 5.78  * 

» 

nnd 

2 run’ 

f— 

f 

f t 

41.08  ’ 6.20 

, 

’ 5.82  ’ 

i — — r 

4-  Solubility 

The  following  liquids  were  tested  for  their  solvent  action 
upon  the  prepared  compound  Bnd  the  following  results  were  observed: 

1.  Water  - insoluble 

2.  Ether  - soluble 


3-  Acetone-  soluble 
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4.  95 % Ethyl  alcohol  - soluble  in  an  excess  of  alcohol 

5.  Butyl  alcohol  - soluble. 


) 


III.  SUMMARY 


The  preparation  of  two un saturated  urethanes  has  been  accomplished 

Dy  using  the  Hofmann  reaction.  The  two  bromo  urethanes  synthesized  are: 

C.  Hfc  ^ V Q trt;  o v 

U,  - C - ■ j - c'loCtt  Crfvc  C - Nj  -C-OUj  • 

'he  method  employed  was  one  described  by  Jeffreys  (6)  in  1899.  He  developed 

this  method  for  use  with  saturated  aliphatic  amides  having  a high  molecular 

weight.  He  did  try  it  on  some  unsaturated  amides  which  he  does  not  describe 

in  his  article.  He  just  mentions  that  the  reaction  was  tried  on  usaturated 

amides  but  that  the  rearrangement  fails  to  occur.  This  method  employs 

an  all  alcohol  medium,  sodium  methoxide  as  the  base  and  the  amide  in  question. 

'Tee  bromine  is  added  to  the  mixture  of  these  compounds,  the  amide  having 

been  previously  dissolved  in  alcohol.  Also,  Aeerman’ s method  was  tried. 

This  consisted  in  treatment  of  the  amide  dissolved  in  alcohol  with  a 

solution  of  sodium  hypochlorite  (alkaline)  .8M  both  in  sodium  hydroxide 

and  sodium  hypochlorite.  This  resulted  in  the  formation  of  the  same 

compound  obtained  from  Jeffreys1’  method  when  methanol  was  the  alcohol  used. 

fowever,  separation  of  the  urethan  formed  is  very  laborious,  that  was  why 

it  wa  s abandoned. 

Eoth  these  urethanes  decompose  if  heated  directly.  They  cannot  be 
distilled  even  under  a pressure  of  17  mm.  The  one  formed  from  butyl  alcoho. 
decomposes  before  reaching  its  normal  boiling  point;  it  forms  a tarry 
liquid  at  110°C.  This  latter  compound  is  considerably  heavier  than  water. 

The  compounds  were  analyzed  for  their  carbon,  hydrogen  and  nitrogen 
content.  We  could  not  carry  out  a bromine  analysis  because  of  lack  of  time 
but  we  think  the  reasults  are  conclusive  as  they  are  in  establishing  the 
identity  of  the  compound. 
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The  amide  used,  methacrylamide,  had  to  be  prepared  in  the  laboratory. 
Several  methods  were  tried.  The  one  p tented  by  Crawford  (2)  did  not  work 
at  all.  Davis  (3)  patented  another  very  similar  method  which  was  found 
to  work  well.  This  method  involves  the  reaction  between  acetone  cyanohydrin 
and  10095  sulfuric  acid.^  Crawford’s  involves  the  reaction  between  acetone 
cyanohydrin  and  93%  sulfuric  acid.  Another  method  tried  was  the  reaction 
between  monomeric  methyl  methacrylate  and  ammonia.  This  one  vorked  too. 

The  acetone  cyanohydrin  used  in  these  experiments  was  obtained  from 
Rohm,  and  Haas  Co.,  Philadelphia,  Pa.  It  was  considerably  dark  in  color 
and  had  to  be  vacuum  distilled  with  the  usual  precaution.  The  etylene 
cyanohydrin  was  the  Aero  brand  obtainable  fron  the  American  Cyanamid  Co., 

New  York,  New  York.  All  other  reagents  used  were  C.  P.  reagents. 
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